Abstract: A review of recent literature pertaining to organic and functional food was conducted according its conceptual background. Functional and organic food both belong to fast growing segments of the European food market. Both are food according to the European food regulations, but organic food is further regulated by the European regulation for organic agriculture and food production. This regulation restricts the number of food additives and limits substantial changes in the food. This may cause problems in changing the food based on single constituents or attributes when applying the concept of functional food to organic food production. Claims of the influence of the food positively on health can only be accepted as true when the claims have been tested and then validated by the EU-Commission. Whereas functional food focuses on product comparison based on specific constituents or attributes, organic food as a whole has no placebo for comparison and effects on environment and society are not part of the health claim regulation. Therefore it seems rather difficult to establish the health claims of organic foods. Consumers buy organic food out of an emotional attitude and associate the food with naturalness. In contrast, the decision for buying functional food is related to rationality and consumers associate functional food with a more technological approach. For this reason,
Introduction
Functional and organic foods are both segments of the food market in Europe and have been growing constantly within the last decade [1] . Whereas organic food covers the entire manner of production [2, 3] , functional food describes nutrition and/or health related product attributes [4, 5] . Both foods are labeled and the labels send quality and/or health related messages that point towards high quality food and/or extra health benefits [6, 7] . Although consumers perceive these messages in both types of foods [8, 9] , they are associated differently. Furthermore, the conceptual background of functional and organic food is different with respect to quality concepts [10, 11] , which reflect the difference in the underlying paradigms of these two different food segments [12] . The aim of this paper is to analyze the similarities and differences of functional and organic food in order to determine if the concept of functional food supports or contradicts organic food production. The work was done among members of the international association Food Quality and Health (FQH).
Organic Food in Europe
The market of organic food is constantly growing [13] . In 2009, the European turnover of the organic food market was 18.4 billion Euros, wherein Germany and France have the highest turnover of organic foods (in total 5.8 billion Euros and 3 billion Euros, respectively [14] ), while the highest market shares were reached in Denmark with 7.2 percent of the total food turnover, followed by Austria with 6 percent [14] . In Europe, consumers buy organic food because they expect that it is "good" for their health, has less impact on the environment and the production respects animal welfare principles [15] [16] [17] [18] . Results from scientific investigations on the quality of the food focus on organic versus non-organic production method comparisons. Process measurements (e.g., impact on environment) indicate less impact on environmental issues measured by Life-Cycle-Assessment [19] [20] [21] [22] . Comparisons based on food constituents showed lower levels of residues in organic foods [23] [24] [25] but had no consistent answer related to nutrients and health related compounds [26] . Recent reviews on vegetables, fruits and milk showed significantly higher amounts of bioactive compounds in the organic food products [27, 28] . The compounds found at a higher level in organic food are, for example, defense related secondary metabolites in fruits and vegetables and poly-unsaturated fatty acids (PUFAs) in milk. The effect of those compounds on health is still a matter of controversy [29] [30] [31] . Therefore expected health benefits can only be claimed on the basis of models [28] .
Organic agriculture is defined as a "holistic production management system" [3] , which takes into account soil, plant and animal health by applying natural methods and working in natural cycles [2, 32] . Agricultural products should be further processed in order to maintain the "organic integrity and vital qualities" of the product in all stages [2, 3] . Biological and mechanical methods should be applied in food production "opposed to using synthetic materials" [3] . The production of organic food has been regulated in Europe since 1991 with the actual regulations Nr. 834/2007 and 889/2008. Organic food products are labeled with a standard European logo. According to the EC regulations, processing should be done with care and all kinds of synthetic substances used during processing should be kept to a small number compared with non-organic food production [33, 34] . Primary production, as well as processing and retailing, is certified according to the EC-regulations. Furthermore, import from third countries is regulated according to the European organic requirements and should guarantee the same quality of organic food as under EC regulation 834/2007.
Kahl et al. [35] analyzed the different guidelines and regulations relating to organic food quality issues and concluded that the quality of the food is described according to process issues, rather than concrete product attributes. Even so, one goal of organic food production is high quality of the products [2] as well as maintenance of their "true nature" during the production process [2] . Kahl et al. [10] identified health and sustainability as underlying goals in organic food production. Furthermore, they defined a combination of process and product aspects necessary for the definition of organic food quality. This is supported by results from consumer surveys [17, 36, 37] . The conceptual background refers to a system approach that considers the food as a whole rather than just the sum of its constituents. Therefore, one of the major future challenges for organic food quality research is to develop systemic tools for food evaluation.
Functional Food in Europe
The European market for functional food is constantly growing [4, 7] . The UK has the highest turnover of functional foods, reaching 3.3 billion Euros followed by Germany (3.02 billion Euros) and France (1.8 billion Euros). The main factor for market success is high quality, wherein a "holistic health image" of the product increases the market success [7] . Consumers buy functional food, because they believe it is healthy, while functional ingredients known by the consumers stimulate more market success than ingredients not well known to the general public (e.g., PUFAS versus selenium). Moreover, perceived relevance influences the willingness to buy products with health claims [38] .
Diplock et al. [11] presented a first scientific concept of functional food in Europe. Functional food should contribute significantly either to enhancing health and well being or reducing risk of diseases. Functional foods can be divided into three categories according to the nature of the functional ingredients: a. natural food containing high levels of the functional ingredient or with high functionality; b. food to which functional ingredients were added or removed; c. food in which the nature of functional ingredients has been changed.
Functional food is not specifically regulated in Europe; neither does a uniform label exist. However, there are EC-regulations that cover this part of the food market: Firstly, the general food regulation in Europe (178/2002). This regulation describes the basic quality and safety requirements of European consumers and protects consumers against fraud. When the food is changed in its molecular structure or consists of ingredients not previously on the European market, the food falls under the European Novel Food Regulation (258/97). The most important regulation regarding functional food in Europe is the Health Claim Regulation from 2006 (1924/2006 ). All marketing referring to possible health implications of food is prohibited, unless the Commission, after recommendation by the European Food Safety Agency (EFSA), has authorized a defined and substantiated health claim through scientific evidence. Until 2011 only a few hundred health claims were authorized [39]. EFSA does not allow health claims for vegetables and fruits in general and for their processed products (e.g., apple juice). Furthermore, health claims cannot be made for fruits or vegetables due to a specific functional ingredient in the fruit or vegetable [39] . The main reason is that the food consumption patterns will be responsible for the potential health effect rather than specific varieties or amounts of the fruits and vegetables. Health claims are only authorized for processed products with one or more specific compounds and their evidenced effects on human health. Therefore it is still a major challenge for scientific research to identify and test the functionality of food compounds [4, 5] and to make this information available to consumers [40] .
Similarities and Differences
Both organic and functional foods intend to offer high quality products to the European consumer with added value related to health. Whereas functional food offers human health specific targets, organic food intends to combine the health of the consumer and the health of environment, animals and society. Both are defined as food according to the European food regulation (EC 178/2002). Claims relating to positive health effects, which should be labeled to inform the consumer, are regulated for both food segments under EC-regulation 1924/2006. Therefore in general, studies showing scientific evidence for a proposed health benefit must be carried out. Whereas for functional food a specific compound or food attribute can be tested (different levels of the compound in question), it is difficult to prove this in organic food, wherein the whole food instead of constituent parts has to be compared (what should the placebo be?). Organic and functional foods are both labeled. Functional food is labeled according to the potential positive human health function or product attribute (when authorized by EFSA). Here, specific claims are formulated for different products. Organic food is labeled according to the process of production by different labeling schemes [6] but there is also a standard European organic logo [41] . The effects of organic food are not limited to human health, but are also claimed to work on society and the environment (soil, plants, animals, atmosphere, etc.). For the marketing of functional food as well as organic food, consumer knowledge of the label or the specific product attributes is necessary [42] [43] [44] [45] .
One of the reasons that the European market for functional food is behind the US and Japanese markets may be due to the distrust of the consumers [1] . Consumers often do not believe in the additional health benefit, which may justify the higher price for these products [1] . Bech-Larsen and Scholderer [7] identified a paradox, wherein consumers on the one hand do not believe in these added values but on the other hand they feel unsupported by detailed research results. This paradox may become even sharper after the last decisions of the Commission (following EFSA recommendations), which restricts food claims to food products where substantial scientific evidence exists for a beneficial effect, based on single constituents or attributes.
Consumers believe that organic food has positive effects on health, environment and animal welfare [1, 15, 17] , although only the production process is regulated, not the effects (e.g., levels of health related constituents). Eden [8] investigated consumers' awareness of organic and functional food. The study underlines that organic food is associated with naturalness, whereas functional food is associated with scientifically and technologically complicated processes. When consumer behavior is analyzed, the decision to buy organic food tends to be emotional, whereas there seems to be a rational decision process in buying functional food [46, 47] . Furthermore, some organic consumers do not accept specially highlighted functions of food [9, 43] . The question whether or not functional foods would compete with organic foods still cannot be addressed because of a lack of study material. Stolz et al. [42] indicate that conventional food with a communicated additional benefit will compete with the conventional counterpart, not the organic one.
When the underlying paradigms of functional versus organic food are analyzed, they seem to reflect the different visions of the European Knowledge-Based Bio-Economy [12] . Whereas functional food, being part of the dominant industrial life science vision, connects food quality with decomposability, organic food connects food production with integral product integrity. Allaire and Wolf [48] identified these divergent socio-technical paradigms as a re-arrangement of food constituents versus a holistic quality view recognizable by consumers. Whereas functional food is focused on product related attributes represented by single constituents or functions, organic food also takes sustainability of the process of production into account.
Conclusions
Based on this review of recent literature we conclude that the concept of functional food does not support organic food production in Europe. Based on consumer behavior and the organic regulation, it seems full of contradictions. Although organic and functional foods can be grouped together with respect to the naturally increased levels of health related compounds, such as PUFAs and polyphenols, there will hardly be any health claims possible, as we discussed, with respect to the experimental design and recent decisions of the Commission. When food ingredients are added or changed in organic foods, it should be done within the frame of the European organic regulation, which is very strict. Only a few food additives are permitted so far and health related compounds such as bioactive compounds, antioxidants, etc. are not included (with the exception of vitamin C for specific purposes). Organic food may lose its "natural" image for consumers if producers follow the technological approach of re-designing food, as is done for functional foods. From their viewpoint, organic food derived from nature by a naturally sound agricultural system already contains all substances needed for human health and respects the health of the environment and society along the food chain. A key challenge for scientific research in both areas is the identification and validation of relevant indicators and parameters for the process (only organic) and product aspect (organic as well as functional) [10] . Furthermore, food seems to be the fundamental unit in nutrition and not only single constituents [49] . Health studies testing the effect of functional as well as organic food need approaches that reflect the dynamic reaction of a very complex system [50] .
